Since Bayliss and Bradford reported the electrical phenomena accom panied with secretory activity of animal salivary glands, a number of in vestigations have been made on this subject. A review is given in Har reveld's communication.1)
(From the Physiological Laboratory of Prof. K. Motokawa, Tohoku University, Sendai.) (Received for publication, June 30, 1949) Since Bayliss and Bradford reported the electrical phenomena accom panied with secretory activity of animal salivary glands, a number of in vestigations have been made on this subject. A review is given in Har reveld 's communication.1) As to the function of the human salivary gland, no investigation on action currents has appeared, because there is no method available for leading off action currents developed in this organ.
On Motokawa's suggestion to pick up potential changes from the human parotid gland with the aid of a Krasnogorski's suction capsule and a sensitive galvanometer, we worked out the following method and evaluat ed its usefulness for investigation of the secretory activity of the human salivary gland. In the present communication the method and apparatus will be described in detail with some critical comments.
Method and Apparatus.
I. Recording of action currents.
The arrangement of the apparatus is illustrated in Fig. 1 . The suc tion capsule used is sketched separately in the left top corner of this figure. It is made of acrylic resin and has two concentric chambers, the inner cir cular and the outer annular. The outer chamber serves as a suction cham ber and has a separate outlet tube (suction tube (a)). The inner chamber, 10mm. in diameter and 7mm. deep, collects the saliva from the Stensen's duct and has two separate outlets tubes, secretion (b) and lead tube (c). The saliva flows out into the trough T1 through the secretion tube. In the cavity of the inner or secretion chamber, a small silver plate of 1cm2 in size is placed and used as a leading-off electrode. The connecting wire between the electrode and the galvanometer is run through the lead tube.
After having placed the capsule correctly over the opening of Sten-223 a gustatory stimulus is given to the subject, there occurs a large deflection accompanied by increased secretory activity . Such a galvanometer de flection is due to the action potential developed in the gland . Irrespective of the quality of the gustatory stimulus it can be shown in all the subjects that the action current flows from the electrode on the skin to that within the mouth through the galvanometer circuit. Fig. 3 . Velocity of secretion (upper curve) and acti on current (lower curve). 2c.c. of 10% NaCI was administered at th e arrow.
An example of records is shown in Fig . 3 in which the upper and lowe curves represent the velocity of secretion and the acti on current respec tively. As can be seen in this figure , the salivary secretion was starte with almost the same latency as that of the action c urrent and the tim courses of the two events are closely similar to e ach other.Th e resistance in the connecting rubber tube bet ween the horizontab ranch and the capillary outlet can be controlled b y means of an adjustab clamp (the clamp marked as Cl in Fig . 1 ). When the resistance is to great, the meniscus of the vertical branch displaced to a large extent , ba its down wards movement is slowed down . On the contrary, the upward with the trough T1 in place of the suction capsule, the another part of the system being unchanged.
The burette is filled with the saline in the same manner as suction capsule.
The liquid of the burette flows out with a velocity which depends only upon the difference of height between the liquid level of the burette and that of the tray. Therefore, we can displace the liquid within the U-tube with any desired velocity by adjusting the meniscus of the burette to a certain definite level before the measurement. The velocity of displacement can be determined in such a manner that the time required for a definite downwards displacement of the meniscus of the burette is measured by a stop watch. The result of the calibration is shown in Fig. 4 in which the velocity of liquid movement is plotted in c.c. per second against the galvanometer deflection as abscissa. The condition of the resistance of the connecting rubber tube was the same as in the case represented in Fig. 3 . The question arises as to whether the galvanometer deflection accom panying liquid movements set up by secretory, activity of the gland is not due to any physical artefact, for instance, to streaming potentials. To answer this question, it was tested whether or not any galvanometer defle ctions were caused by liquid movements set up by injection of a certain amount of saline into the system with the same order of velocity as that of salivary secretion, and we could find no such large deflection in this experiment as those observed in the above experiments. When the capsule was placed in such a manner that the opening of the Stensen's duct was not covered by the capsule, the electrode within the capsule was never exposed, of course, to any liquid streaming. Nevertheless the action cur rent could be proved, though it was not so conspicuous as in the usual placement of the capsule. This finding rules out again the possibility of physical origin stated above.
Since the diffuse electrode is placed on the skin of the cheek, we must take into consideration that galvanic skin reflexes might be involved in our measurements. But we confirmed that the gustatory stimulus could elicit no remarkable action currents of the skin unless a subject was astonished by applying a stimulus solution without warning.
As stated above, the action current of the parotid is composed of a slow large potential change and rapid small waves superimposed upon it. We found that these two components show different behaviours against electrotonic current. Using the circuit as shown in the top of Fig. 5 , we recorded action currents during the passage of an electrotonic current In the top of the figure the circuit diagram is illustrated . P: parotid gland.
G acetic acid. Using the same stimulus solution the curve B was recorded during the passage of the electrotonic current. In this case the electrotonic current was applied in such a manner as it flowed from the electrode on the skin to that within the mouth through the gland. In both records the upwards deflection means that the action current flows from the electrode on the skin to that within the mouth through the external circuit. As can be seen in the diagram, the direction of the slow component is reversed by the passage of the electrotonic current, while the rapid waves are not so seriously affected though they are slightly slowed down. From this finding it seems plausible that the two components are of different origin. In this respect Motokawa's observation2) on action currents of frog's skin deserves attention.
Though the action current of the frog's skin passes within the skin from the inner to the outer surface under a normal condi tion, its direction can be reversed when an electrotonic current flows through the skin from the outer to the inner surface. Since the action current of the frog's skin which apparently originates from gland tissues in the skin has the same property as our slow component in this respect it is suggested that our slow component originates from the gland cells of the parotid. The rapid waves must be ascribed to another potential source. As to the origin of the rapid waves, one of us (T. S.) will discuss in the next coming paper.
SUMMARY.
The methods and apparatus for leading off action currents from the human parotid gland and for recording velocity of salivary secretion were described in detail.
1 ) On the opening of the Stensen's duct we fixed a Krasnogorski's suction capsule in which a small silver electrode was placed. A diffuse electrode of silver was placed on the skin of the parotid region. In response to a gustatory stimulus a galvanometer which was connected with the pair of electrodes showed a marked deflection accompanying an increased salivary secretion. It was found that the elicited action current consisted of a slow potential change and rapid potential waves superimposed upon it.
2) With a simple apparatus, secretion velocity was recorded photo graphically. It was shown that the time course of the velocity was closely similar to that of the action current.
Finally we express here our hearty thanks to Prof. Motokawa who furnished us with guidance and helpful criticism.
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